% 4’1} qt % DOI: 10.6023/cjoc201411040

Chinese Journal of Organic Chemistry

NOTE

IBEARIET C—H AR C-8 75 EEURIZ K0

AR
ey R

REE A
T

31 4 ¢
35 -

frer s ¢

(TR R B A TR B2 453003)
CITEIMTE KA S T2 # % 453007)

WE DISSIEINEE 35 AR, P PA(PPhy), AL, Cul NERING, WREE MBS, £ DMF F1-F 125 'C 8 24 h, @it
C—H BRI, AT &5 C-8 fr 77 F BRI R4, NiZ B SR IR T 3 & g 8.

KB RS, C—H 8ISk, TR, JT AL

Pt Catalyzed C—H Activation of Purines and Aryl Boric Acids to
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Abstract C-8 aryl substituted purine analogues were successfully synthesized by direct C—H activation of purines with aryl
boric acids catalyzed by Pd(PPhs), in the presence of Cul and piperidine in DMF at 125 “C for 24 h, providing a new process

for the synthesis of 8-aryl purines.

Keywords purine; C—H activation; aryl boric acid; arylation
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IR I AT T RS RIS C-8 ) 05 2k
1. B H AL, B W2 PADS B 9 05 240 X5
Wi C—H BIE R AR 8-75 FEERS AL S W I ik
=

F T FRATT R 4 3T 4 SR 0 A A% T R A A P
A B R AE A TR, 78 f T TR 1, A
DA IR N 75 B, AR T &5 C-8 K757 FHUR
[PIERS RN, LA BRI AL T8I & B
5. BT BARYI A5 RI4 '"TH NMR. °C NMR Fl
HRMS 3 B RAE.

1 HR510R

DL 6- F AR L -0- " JE NEE 4 (1) AT 2K JL AT B2 (2a) AR A
JEA, 3OS TR B FE R B RN R I
TR VR B S5 2 A AT T I, LA IR R 1.

T AT AT SN, R 1 R T
DL H, AT R S SE AR K. FEFTImIE R 5 Fhfi
tbFH, PA(PPhy), S ML (Entries 1~5). F B
BFTRIAN 24 h B8INZE 50 h, FEERCH RS RN LR
(Entry 6). NG5 PA(PPhs), P&, NIEIEEAL,
RRKKIE = (Entry 7). 1 BEARIS N7 Cul 19 EEE
Cul e BRES R AR, S5 S 1 %% A4 2 4R K B K (Entries
8~10). — AN Erh 55 1 — e AT ARG S8 (1)

TR, SR T UREE, (H B S AR IR, %A 15
B HFR Y (Entry 11). ] — F 37 H(DMSO) AL B
N,N- " F 3 FH i e (DMIF), BB SR I o7 ) 6 A0 3R FE AR R R
AN ABFEIRSCER N R JESR I 70% %K 40% (Entry
12 vs. Entry 7). BEAKR BB, B4k 2 4 KK B
(Entry 13). FRATHARLE S B A 0 N — L6 G5B 2 =53 40
FE B MRAE A X SN, HEE RAVEBA (R R,
M 7B, %A E) BARr=4)(Entries 14, 15). ATl
BRI A OB 2648 LA PA(PPh;), (10 mol%) -l
AL, LA Cul (3 equiv.) AENINF, LABREE(1.25 equiv.)
MK, 7 DMF 1+ 125 “C &M 24 h.

TERERIRMN AT, BATH S A A FRBACER
RIS AL A V)RR ER AT RN A B T Z 41 8-2R L HUAR
[IREIA AL A9 3a~36(FK 2). HRFPHIEIETLLE H, B
H 9 ALhREE G, SOV FFK(3a vs. 3b, 3¢ vs. 3d).
S 9 A7 RSO S, PR R AR (3a
vs. 3e). {HIEMS 6 A7 [ H A B R R R T, ISR il 2
T B&(3a vs. 3f).

BATEW T TR R EE R X TS 6-H A
FLoO- N RLMEIA ) I RE(FR 3). MFE 3 T HIBEE T LLE
7 A WL T 11 R SR R %o e LA H0 I AE H (3g vs 3k),
A FEL - AR R R R 0] S5z B2 P52 i AN K (3, 3h, 3i, 3j).

R1 BRI

Table 1 Optimization of the reaction conditions

OCH3 OCHj3
N B N S
ap O~y
N N cat., additive N N
+ PhBOH)) —————— >
solvent, base, N,
D 0
1a 3a
Entry Cat. (mol%) Additive (equiv.) Solvent Base (equiv.) 7/°C  Time/h Conv./%
1 Pd(OAc), (5) Cul (3) DMF Piperidine (2.5) 125 24 28
2 Pd(PPh3),Cl, (5) Cul (3) DMF Piperidine (2.5) 125 24 20
3 Pd(dppf),Cl, (5) Cul (3) DMF Piperidine (2.5) 125 24 10
4 Ni(dppp),Cl, (5) Cul (3) DMF Piperidine (2.5) 125 24 0
5 Pd(PPhy), (5) Cul (3) DMF Piperidine (2.5) 125 24 60
6 Pd(PPhy), (5) Cul (3) DMF Piperidine (2.5) 125 50 60
7 Pd(PPh3), (10) Cul (3) DMF Piperidine (1.25) 125 24 >90 (70b)
8 Pd(PPh3), (10) Cul (1.5) DMF Piperidine (2.5) 125 24 20
9 Pd(PPh3), (10) Cul (0) DMF Piperidine (2.5) 125 24 0
10 Pd(PPh3), (10) Cu(OAc), (3) DMF Piperidine (2.5) 125 24 Trace
11 Pd(PPh3), (10) Cul (3) DMF Cs,COs (1.25) 125 24 0
12 Pd(PPh3), (10) Cul (3) DMSO Piperidine (1.25) 125 24 >90 (40b)
13 Pd(PPh3), (10) Cul (3) DMF Piperidine (1.25) 100 24 35
14 Pd(PPh;), (10) 10 mol% Cul+phenanthroline DMF Piperidine (1.25) 125 24 0
15 Pd(PPh;), (10) Cul (3)+fluoboric acid DMF Piperidine (1.25) 100 24 0
“Reaction conditions: purine (0.25 mmol), phenylboronic acid (0.5 mmol), solvent (0.75 mL); * Isolated yield based on 6-methoxy-9-benzylpurine.
Chin. J. Org. Chem. 2015, 35, 1156~1160 © 2015 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1157
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Table 2 Reactions of various purines with phenylboronic acid

Pd(PPhgz)4, Cul, piperidine

R2

N

¢ 1N + PneoH),
J

N N 2a

/

R1

1

DMF, Nj, 125°C, 24 h

R2
N
(O~ f”
N N/)
/
R1

3

OCH, OCH;

o

3a 70% yield 3b 65% yield 3¢ 57% yield

OCH; OCH;

CHs @

3d 40% yield

OCH, §
( <3 H,C

3e 70% yield 3f 50% yield

“ Reaction conditions: purine (0.25 mmol), phenylboronic acid (0.5 mmol), Pd(PPhs)s (10 mol%), Cul (0.75 mmol), piperidine (0.31 mmol), DMF (0.75 mL),

125 °C, 24 h; isolated yield based on 6-methoxy-9-benzylpurine.

£ 3 AFEHARCEINERF 6-H A HE-9-F% SIS (¥ S K @

Table 3 Reactions of various substituted phenylboronic acid with 6-methoxy-9-benzylpurine

OCHj

OCHs
N B -
N Pd(PPhg)y, Cul, piperidine N
¢ f\/) + ArB(OH); " T SN
NN DMF, Ny, 125 °C, 24 h \ N/)
1a 2 \

OCHj

OCH3 OCH;

OCHg HsC OCH3
N 8 N B N B N X N S
N N N N N
HCO—@—(DL)\ H3C—©—</j|\)\ /f\ /—©—</j|\)\ F4©_</f\
? N N/) N N/) N N/) H3C N N/) N N/)

O

39 60% yield 3h 65% yield

oD

3i 67% yield

DD

3j 65% yield 3k 35% yield

“Reaction conditions: 6-methoxy-9-benzylpurine (0.25 mmol), substituted phenylboronic acid (0.5 mmol), Pd(PPhs)s (10 mol%), Cul (0.75 mmol), piperidine (0.31

mmol), DMF (0.75 mL), 125 °C, 24 h; isolated yield based on purine.

2 g

BATUA T R 75 2407, LL PA(PPhs), (10%
mol) AEALF, Cul (3 equiv.) N¥INF, LAURBE(1.25
equiv.) A%, 7E DMF HiF 125 C &M 24 h, it C—H
BERNERL, AR T R C-8 437757 FEHUR R REI4 AL
Y, NZFEAE YD E ARAL T BTG Bk 2.

3 SKEERS

3.1 UESHHF
M LR A S ARG % ] Bruker-DPX-400M HY4%
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WEFEARA, TMS MW AR, CDCly N7, ik R A
Bruker-Esquire 3000 % i 73 #1543 45 U XRC-1 B
A R TE A IR VT ARAZ AR, SESR 2 BT FH A3 711
ARG A al, FEEHTRA 200~300 H I ZHT
Tk, WA KA 225 SCHR[9) 7 12 A k.
32 ZLWHE

C-8 7 75 EHUAR I e % F R & O 3R, DA
P 6-F AR JE-8- SR BE -9- AN BE NS (3a) (1) A R B TR
10 mL FIRJER AN 6-H 58 F-9-F FL 214 (0.25
mmol, 60.1 mg), FIEMER(0.5 mmol, 61.0 mg), VU =K
FEBEHL(10 mol%, 2.8 mg), MifkIF4(0.75 mmol, 142.8
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mg), WRIE(0.31 mmol, 77 pL), DMF (0.75 mL). 7
R ARNE TR, REHERERE T 125 CHIH
W FER N 24 h, RNAIEER, RNBINK 2
mL, HZ B ZEEREE(S mL X 3), & IHANA, Fhnke
mL X 3)WE AT )2, JoKBRERA T8 2 h, HhiE
TRUETH. G 28 A TR, HEFTaifs 6-F%
HE-8- ORISR ELNEIS (3a). [FIFEA RIS 2 HirL A
3b~3k.

6- HH A L -8- IR L -9 JE IR I8 (3a): I A [ 44, mup.
98~100 C; "H NMR (400 MHz, CDCl;) J: 8.58 (s, 1H),
7.68 (d, J=7.2 Hz, 2H), 7.50~7.42 (m, 3H), 7.28 (d, J=
4.8 Hz, 3H), 7.07 (d, J=7.6 Hz, 2H), 5.56 (s, 2H), 4.23 (s,
3H); *C NMR (100 MHz, CDCl5) §: 160.8, 154.0, 153.3,
152.0, 136.2, 130.4, 129.3, 128.9, 128.7, 127.9, 126.5,
121.3, 54.3, 47.3. HRMS calcd for CoH;;N,O [M+H]"
317.1402, found 317.1404.

6- Ff1 48 3 -8- 2K Jk -9- 7% 2, FL i e (3b): [ [ 4,
m.p. 110~112 ‘C; '"H NMR (400 MHz, CDCl;) 6: 8.56 (s,
1H), 7.50~7.40 (m, 5H), 7.14 (t, J=2.4 Hz, 3H), 6.89 (s,
2H), 4.55 (t, J=7.4 Hz, 2H), 4.19 (s, 3H), 3.08 (t, J=7.4
Hz, 2H); “C NMR (100 MHz, CDCl3) §: 160.7, 153.6,
153.1, 151.6, 137.1, 130.1, 129.5, 129.1, 128.6, 126.8,
121.2, 54.1, 45.5, 35.5. HRMS calcd for Cy0H;oN4O [M+
H]" 331.1559, found 331.1554.

6- H A k8- 2R k-9 FH AR I I (3e): 38 A [ 44, mup.
118~119 °C; 'H NMR (400 MHz, CDCl;) d: 8.56 (s, 1H),
7.83 (q, J=3 Hz, 2H), 7.53 (t, J=3.2 Hz, 3H), 4.30 (s,
3H), 3.95 (s, 3H); °C NMR (100 MHz, CDCl3) §: 160.7,
154.0, 152.9, 151.6, 130.3, 129.3, 129.2, 128.7, 121.3,
542, 31.0. HRMS caled for C;sH;3N,O [M+ H]'
241.1089, found 241.1084.

6- FH A L -8- IR Jik-9- £ FE IS (3d): 38 €4 [A] 44, mup.
62~64 C; '"H NMR (400 MHz, CDCl;) 0: 8.48 (s, 1H),
7.71~7.69 (m, 2H), 7.44 (t, J=3.2 Hz, 3H), 4.32 (q, J=
7.2 Hz, 2H), 4.13 (s, 3H), 1.38 (t, J=7.2 Hz, 3H); °C
NMR (100 MHz, CDCLy) d: 160.6, 153.5, 152.6, 151.5,
130.2, 129.6, 129.0, 128.7, 121.3, 54.0, 39.2, 15.2. HRMS
caled for C14H;sN,O [M+H]" 255.1246, found 255.1241.

6- H 4 5 -8- 2R J -9- BA I 2 MR 4 (3e): B R[] A4k
m.p. 103~105 ‘C; '"H NMR (400 MHz, CDCl;) 6: 8.52 (s,
1H), 7.68 (t, J=3.6 Hz, 2H), 7.52 (t, J=2.8 Hz, 3H),
4.85~4.76 (m, 1H), 4.18 (s, 3H), 2.57 (q, J=6.6 Hz, 2H),
2.12 (t, J=7.0 Hz, 2H), 2.03 (q, J=3.6 Hz, 2H), 1.65 (d,
J=5.6 Hz, 2H); *C NMR (100 MHz, CDCl;) J: 160.8,
153.5, 153.1, 150.8, 130.1, 129.6, 128.6, 122.0, 58.1, 53.9,

Chin. J. Org. Chem. 2015, 35, 1156~1160
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31.0, 24.8. HRMS caled for C;;H;sN,O [M + H] '
295.1559, found 295.1554.

6- K L -8- IR HE -9- BRI 0% (3): H (U [H A, mup.
130~132 °C; 'H NMR (400 MHz, CDCl;) d: 9.03 (s, 1H),
8.92 (d, J=7.6 Hz, 2H), 7.70 (d, J=8.0 Hz, 2H), 7.56~
7.42 (m, 6H), 7.25 (d, J=6.4 Hz, 3H), 7.07 (d, J=6.8 Hz,
2H), 5.55 (s, 2H); *C NMR (100 MHz, CDCl;) 6: 155.3,
154.6, 153.9, 152.3, 136.2, 135.9, 131.0, 130.8, 130.7,
129.9, 129.5, 129.4, 128.9, 128.9, 128.6, 127.9, 126.6,
47.1. HRMS caled for CpHoN, [M+H]" 363.1610,
found 363.1607.

6- FF A -8 %) AR L R L -9 L I (3g): i fu [F]
&, m.p. 114~116 C; '"H NMR (400 MHz, CDCl;) o:
8.55 (s, 1H), 7.63 (d, J=8.8 Hz, 2H), 7.28 (q, J=7.6 Hz,
3H), 7.08 (d, J=6.8 Hz, 2H), 6.94 (d, J=8.4 Hz, 2H), 5.54
(s, 2H), 4.23 (s, 3H), 3.84 (s, 3H); °C NMR (100 MHz,
CDCly) J: 161.3, 160.6, 154.1, 153.3, 151.7, 136.3, 130.8,
128.9, 127.8, 126.4, 121.6, 121.2, 114.1, 55.3, 54.2, 47.3.
HRMS caled for CyHoN,O, [M+H]" 347.1508, found
347.1505.

6- FH 4 -8- 0 FHY R R D -0~ L M4 (3h): 2 (1 [#]
£, m.p. 109~111 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
8.58 (s, 1H), 7.59 (d, J=8 Hz, 2H), 7.27 (q, J=7.6 Hz,
5H), 7.09 (d, J=6.4 Hz, 2H), 5.56 (s, 2H), 4.24 (s, 3H),
2.41 (s, 3H); C NMR (100 MHz, CDCl;) 6: 160.7, 154.0,
153.5, 151.9, 140.7, 136.3, 129.4, 129.2, 128.9, 127.8,
126.5, 126.4, 121.2, 54.2, 47.3, 21.4. HRMS calcd for
C0HoN4O [M+H]" 331.1559, found 331.1556.

6- FH 4 k-8 ) — F R DR L -9~ BRI (3i): R BE (1
JHPRY. "H NMR (400 MHz, CDCls) d: 8.58 (s, 1H), 7.29
(d, J=10 Hz, 5H), 7.11 (d, J=6.0 Hz, 3H), 5.53 (s, 2H),
4.23 (s, 3H), 2.29 (s, 6H); *C NMR (100 MHz, CDCl;) §:
160.7, 154.1, 153.7, 151.9, 138.3, 136.5, 132.0, 129.0,
128.8, 127.8, 127.1, 126.7, 121.2, 107.0, 54.2, 47.4, 21.1.
HRMS caled for C, HyN,O [M+H]" 345.1715, found
345.1716.

6- FH A8 Bk -8- X £ FE R Bk -9- R BRI A (3): YR B (A
JR¥. "TH NMR (400 MHz, CDCl;) d: 8.56 (s, 1H), 7.61 (d,
J=8.0 Hz, 2H), 7.27 (t, J=7.2 Hz, 5H), 7.08 (d, J=6.4
Hz, 2H), 5.55 (s, 2H), 4.23 (s, 3H), 2.70 (q, J=7.2 Hz,
2H), 1.26 (t, J=17.6 Hz, 3H); >*C NMR (100 MHz, CDCl5)
d: 160.7, 154.0, 153.5, 151.8, 146.9, 136.3, 129.3, 128.9,
128.2, 127.8, 126.6, 126.4, 121.3, 54.2, 47.3, 28.7, 15.2.
HRMS caled for C,;HyN4,O [M+H]" 345.1715, found
345.1714.
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6- A -8 -0 AR B -9- "R LM (3K): VR B (B IPIR
¥, '"H NMR (400 MHz, CDCl;) J: 8.58 (s, 1H), 7.68~
7.64 (m, 2H), 7.49~7.42 (m, 1H), 7.28 (t, J=>5.6 Hz, 2H),
7.13 (t, J=8.6 Hz, 2H), 7.06 (t, J=3.4 Hz, 2H), 5.54 (d,
J=8.0 Hz, 2H), 4.24 (d, J=4.8 Hz, 3H); C NMR (100
MHz, CDCl;) 0: 161.0, 154.2, 152.5, 152.4, 136.2, 131.6,
131.6, 129.5, 129.2, 129.1, 128.9, 128.2, 126.6, 121.4,
116.3, 116.1, 54.5, 47.5. HRMS caled for CjoH;FN,O
[M+H]" 335.1308, found 335.1310.

#Bh#1 &L (Supporting Information) L4 4/) '"H NMR
A1 PC NMR B R 3 S8 RE AT LA G 3 AR T ] 3l
(http://sioc-journal.cn/) & T %K.
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